SUMMARY Twenty-four healthy subjects and 33 patients with left-sided valvular heart disease in atrial fibrillation were studied using a pulsed-wave Doppler ultrasound system connected to a 900 two-dimensional echocardiography device. Systolic turbulence in the right atrium (RAST) was studied, and the ratio of maximum systolic velocity to maximum diastolic velocity ratio (MSV:MDV) was determined in the superior vena cava. In the 33 patients with valvular disease, right ventricular angiography was performed, classifying tricuspid insufficiency (TI) in 31 cases as absent, mild or moderate-to-severe. In two cases, right ventricular angiography was inconclusive.
THE TERM "functional" tricuspid insufficiency (TI) is used to describe valvular incompetence due entirely to pulmonary hypertension produced by a left-sided heart lesion, without any organic lesion of the tricuspid valve. Functional TI poses serious diagnostic difficulties.', 2 Symptoms of a serious left-sided heart lesion can make those of functional TI go unnoticed, and on examination, signs of right ventricular dilatation and volume overload may be concealed by the signs of leftsided valvular disease.3' 4 The identification of venous pulse disturbances due to functional TI can be very difficult because atrial fibrillation is almost always present.'
In addition, moderate or severe TI does not always revert completely by simply repairing the left-heart lesion that caused it;6 since perioperative assessment of TI is imprecise, it is even more important to provide a correct preoperative evaluation. Although most of these patients undergo catheterization before the operation, invasive diagnosis of TI requires specific techniques (right ventricular angiography and dilution curves)7-9 that are time-consuming and involve an increase, however slight, in the risk of complications, and therefore are not routine. These techniques require that a catheter be placed across the tricuspid valve, which means that in some cases the results will be inconclusive.8' 9 The necessity for noninvasive techniques of diag-nosing and assessing TI has stimulated us to study pulsed-wave Doppler ultrasound.
Material and Methods Fifty-seven patients were studied. Group A included 24 healthy subjects. They were asymtomatic and had a normal physical examination, ECG and chest x-ray. Twelve were males and 12 females, mean to the velocity of blood flow and to the cosine of the angle formed between the direction of flow and the ultrasonic beam.'0 Using the parasternal and apical approaches, we first located the image of the tricuspid valve and then proceeded to sweep the area behind the plane of the tricuspid orifice with the sample volume in search of systolic turbulence ( fig. 1) providing a dual approach to the diagnosis of TI: direct detection of the RAST produced by the regurgitation jet in the right atrium'6-5 and recording of the hemodynamic disturbances that TI produces in the vena cava.'7
Right Atrial Flow We and other investigators have found RAST to be a highly specific sign of TI. This is not surprising; except for TI and an infrequent communication between the left ventricle and right atrium, very few conditions could produce RAST. However, the sensitivity we report is not as good as that reported by Waggoner et al. '8 This may be because our series included many patients in whom right ventricular angiography was performed without previous clinical evidence of TI. This increased the proportion of patients with mild TI (23%), in which the sensitivity of this method is poor. Misinterpreting artifactual TI or true TI would result in an underestimation of the sensitivity of pulsed-wave Doppler studies for the diagnosis of TI. Nevertheless, the careful placement of the catheter, the fact that it was replaced by another kind of catheter when needed, that the injection of dye contrast was repeated whenever there was any doubt, and that two cases were excluded from the study group because the results were not entirely satisfactory, all make artifactual regurgitation, although not impossible, highly improbable. The inability to detect RAST in patients with TI could be explained if the RAST were located in an inaccessible area for ultrasound study. However, because of the anatomy of functional TI, with an ample loss of coaptation of the leaflets and only moderately elevated right ventricular pressure, regurgitation may produce only slight turbulence, with no high-velocity components. These factors may explain the difficulty of the auscultatory diagnosis of functional TI. They also render RAST more difficult to detect by ultrasound.
Some investigators have attempted to correlate the severity of mitral insufficiency or TI with the duration, intensity and anatomic extent of the area of turbulence in the left or right atrium in each case. 18-20 We could not objectively quantify the intensity of turbulence; in general, we could find no relationship between the subjective assessment of RAST and the severity of TI. The difficulties in measuring the area of RAST discouraged us from evaluating this variable, which we believe may not be related to the volume of regurgitation, considering the great variations in right ventricular pressure in different cases. The duration of the turbulence was not useful for distinguishing moderate or severe TI. This may be due to movement of the jet during systole in relation to the tricuspid valve plane.
Poor conditions for ultrasound transmission, or geometric distortion of cardiac cavities may make it impossible to obtain a satisfactory recording of flow patterns in the tricuspid valve and right atrium. This is a significant limitation of this method.
Velocity Curve in the Superior Vena Cava TI produces retrograde systolic flow and decreased antegrade systolic flow velocity in the superior vena cava. We have studied the second of these flow pattern disturbances, since the noise in our recordings made it difficult to evaluate a small end-systolic retrograde flow wave.
The finding of a MSV:MDV ratio > 1 in all our healthy subjects is in accordance with previous findings. 12 13 When atrial fibrillation is present, this ratio is inverted, but the systolic wave is clearly present, which emphasizes the importance of systolic movement of the tricuspid valvular plane in producing this wave, as well as the x-descent, which is the equivalent in the venous pressure recording.21 22 TI tends to produce a decrease or disappearance of the systolic wave; however, the value of this finding is limited because it may also be found in conditions such as right ventricular failure and after pericardectomy. The fact that no patient with a MSV:MDV > 1:3 had more than mild TI leads us to believe that this ratio is useful for ruling out moderate and severe TI.
If we consider conjointly the detection or absence of RAST and the MSV:MDV, four situations can arise ( fig. 6 ). If RAST is detected and the MSV:MDV is 1:3, there is mild TI; if the MSV:MDV is smaller than 1:3, TI is present, although the degree of severity cannot be determined. If RAST cannot be detected and the MSV:MDV is greater than 1:3, we may only rule out with a reasonable degree of certainty moderate or severe TI; however, mild TI cannot be ruled out. If turbulence is not detected in the right atrium, and the MSV:MDV is smaller than 1:3, pulsed-wave Doppler ultrasound probably cannot provide useful information on the presence of TI or its severity.
In conclusion, pulsed-wave Doppler ultrasound study of the flow pattern in the right atrium and superior vena cava is a highly specific noninvasive means of detecting functional TI in patients with left-sided valvular disease in atrial fibrillation, and is probably useful for identifying patients with moderate or severe TI. However, its low sensitivity for mild functional TI and the impossibility of obtaining adequate Doppler signals of right atrial flow patterns in some patients are limitations.
